The labelling ofproteins by the iodine monochloride method was studied by using a mathematical model. 
The labelling ofproteins by the iodine monochloride method was studied by using a mathematical model. The equations used were primarily derived from the mass law equation ofthe isotopic exchangereactionbetween [12sI] Techniques for the labelling of proteins with radioactive iodine have been known for over 25 years (Fine & Seligman, 1944) . Since then considerable progress has been made towards improving the efficiency of labelling as well as minimizing damage to the protein during iodination. The iodine monochloride method (McFarlane, 1958) has high theoretical efficiency and does not adversely affect the properties of the labelled protein. Although this method was originally intended for efficient trace-labelling of proteins with radioactive iodine, it has been later extended and applied for high specific radioactivity labelling of proteins (Helmkamp, Goodland, Bale, Spar & Mutschler, 1960; Bale et al. 1962) . A detailed investigation of this method of protein iodination has been reported by Helmkamp, Conteras & Bale (1967) and by Glover, Salter & Shepherd (1967 to an iodine monochloride iodination system results in a steadily decreasing percentage of 12SI incorporation. These studies prompted us to investigate further the possibilities of quantitatively expressing the labelling of proteins by the iodine monochloride method. In our studies equations were derived which served as a mathematical model of the iodination reaction. By this means we were able to describe quantitatively the effects of certain factors that influence the iodination of proteins, making the course of the reaction more predictable and preventing failures of experiments. To support the validity of our model, a series of iodinations of insulin was performed under various labelling conditions and the results were compared with the theoretically derived data.
MATERIALS AND METHODS
Iodine monochloride reagent. An ICI solution was prepared by the method of Izzo, Bale, Izzo & Roncone (1964) . Before use the IC stock solution, which contained 2.54g of iodine/l, was diluted 79.6 times with 1 M-NaCl-0.1m-HCI, in which IC1 is known to be stable (Helmkamp et al. 1967 Separation and radioactivity mea8urements. Samples (5 or l101l) of the final iodination mixtures were applied 2.5 cm from the bottom offilter paper strips (14 cm x0.6 cm). These were placed in test tubes (11cm xl.6cm) which contained 1 ml of 0.5m-trichloroacetic acid. Whereas labelled insulin and carrier protein remained at the point of application, unchanged iodide moved up with the solvent front. After complete separation (5 min) the paper strips were cut into 14 pieces of 1cm length and the radioactivity was counted with a y-counter. Duplicates were run on all samples.
The terms in eqn. (2) are expressed in a convenient form to be applied to protein iodination.
[125I]Iodine monochloride at equilibrium (nlcl, eq.). proportionation of hypoiodous acid into iodine and The experimental data were plotted as % of I03- (Helmkamp et al. 1967) . As a result, a certain radioactivity (added as [125I] iodide together with percentage of hypoiodous acid will not be available [127I]iodide) that was bound to insulin versus the forproteiniodination. To explain the lowerlabelling molar ratios of iodide to iodine monochloride (these efficiencies at lower molar ratios the reaction are shown as the points in Fig. 1 ). The curve in between iodide and iodine monochloride in sodium Fig. 1 represents the calculated values corrected for chloride-hydrochloric acid solutions was studied.
an iodination efficiency of 95.2%. This iodination The results indicated that at molar ratios of iodide efficiency was computed from the mean of six to iodine monochloride < 1.0, mainly iodine is iodinations (molar ratios of iodide to iodine mono-formed, whereas at molar ratios of iodide to iodine chloride 0.1-4.0). In this range the iodination monochloride> 1.0 mainly I3-is formed. In other efficiencies were almost constant whereas above and words, when increasing the molar ratio of iodide to below these ratios deviations occurred from the iodine monochloride (e.g. starting from 0.01) formatheoretical curve. The iodination efficiencies were tion of iodine is increased at the same rate as the calculated by dividing the experimentally obtained amount of iodine monochloride is decreased. Theredata (% of added radioactivity bound to protein) fore less hypoiodous acid is formed in the iodination mixture from the remaining iodine monochloride and thus less hypoiodous acid is lost for iodination by disproportionation. In addition an increasing .n Since only the iodine monochloride is acting as the protein-iodinating agent, it is apparent that the degree of iodination with 1251 is dependent on the position of the equilibrium of the isotopic exchange reaction. If this cannot be controlled, then the actual degree of incorporation of 125J into protein cannot be controlled either. The isotopic exchange reaction as well as of the chemical reaction between [1251] iodide and iodine monochloride in an acidic sodium chloride solution is far more complex than is indicated in eqn. (1). However, it proved to be sufficient to describe the isotopic exchange reaction and thus the iodination ofproteins in a quantitative way. The derived equations proved to be very useful not only in studying the various factors that influence the iodination of proteins, but they also can be used as a practical tool and guide for the design of labelling experiments. In addition these equations assist in the preparation of labelled proteins containing the desired ratios of 1251 to 1271 atoms throughout a wide range. From the results it can also be seen that when studying the optimum conditions of protein iodinations at a 'trace'-level of [125I] The generous gift of ten times-recrystallized pig insulin from Novo Co. is gratefully acknowledged.
